Abstract. The ability of prelingually, profoundly deaf readers to access phonological information during reading was investigated in three experiments. The experiments employed a task, developed by Meyer, Schvaneveldt, and Ruddy (1974), in which lexical decision response times to orthographically similar rhyming (e.g., WAVE-SAVE) and nonrhyming (e.g., HAVE-CAVE) word pairs were compared against response times to orthographically and phonologically dissimilar control word pairs.
Type 1 words rhyme and are spelled alike except for the first letter (for example, BRIBE-TRIBE). Type 2 words are neither orthographically nor phonologically similar; they are repairings of words of the first type and serve as control pairs for them. Type 3 word pairs consist of words that are spelled alike except for the first letter, but do not rhyme (for example, FLOWN-CLOWN).
The fourth type of word pair consists of control words for these nonrhyming pairs.
Meyer et al. argued that if word reading were done on a completely visual basis, then the following equation should hold for response times:
Type 2 -Type 1 = Type 4 -Type 3.
If, however, there was a phonological influence, then:
Type 2 -Type 1~Type 4 -Type 3.
The inequality was upheld in their study.
Meyer et al. found a small facilitation effect for rhyming words (Type 1) as compared to control items of Type 2.
They found a large interference effect for nonrhyming, orthographically similar pairs (Type 3) as compared with control items of Type 4. Because the rhyming and nonrhyming test pairs were equally similar orthographically, the differential outcome on the rhyming and nonrhyming pairs could be ascribed unambiguously to the differences in the phonological relationship between members of the two pair types.
Research sUbsequent to that of Meyer et al. has revealed that this pattern of facilitation and interference is dependent on task variables (Evett & Humphreys, 1981; Shulman, Hornak, & Sanders, 1978) .
For example, the pattern has been found to be related to the nonword distractors used in the task: When the nonwords are pronounceable nonwords (i.e., "pseudowords"), the pattern obtained by Meyer et al. (1974) is apparent, but when the nonwords are unpronounceable, there is facilitation for orthographically similar word pairs, whether rhyming or nonrhyming (Shulman et al., 1978) . These latter findings have been used to argue against the notion of an obligatory phonological mediation in lexical access. However, the interpretation that the response time difference obtained with the procedure of Meyer et al. (1974) is caused by the discrepant phonological representations of the nonrhyming pairs of words remains unquestioned.
Our interest in the procedures of Meyer et al. derives from the information they may provide about word reading by deaf individuals. We ask here whether skilled deaf readers are able to access phonological information about a word under conditions in which skilled hearing readers do so. Therefore, any bias that the procedures may introduce toward accessing phonological information will be to our advantage.
There are at least two ways in which a prelingually, profoundly deaf reader might acquire information about the phonological forms of words. First, the alphabetic orthography itself provides phonological information. According to some theorists (Chomsky & Halle, 1968; Gleitman & Rozin, 1977 ; see also Crowder, 1982) , the English orthography maps onto the phonological representations of words most directly at the level of the "systematic phoneme," which, putatively, is the level of phonological representation specified in the lexical entries of mature users of the language (but see 224 Linell, 1979; Steinberg, 1973) .
Although deaf readers might be able to acquire information about the systematic phonological forms of words from the orthography, any information that the orthography may thus provide will not distinguish the rhyming from the nonrhyming orthographically similar word pairs in the Meyer et al. paradigm . That is, there is nothing in the written forms of SAVE and WAVE on the one hand and HAVE and CAVE on the other, for example, that could reveal to a reader otherwise ignorant of the phonological forms of these words that the first pair of words is rhyming and the second pair nonrhyming.
A second way in which a deaf reader might acquire information about the phonological forms of words is by learning to speak and/or lipread the language. This would enable acquisition of a phonetic or classical phonemic representation.
In the first two experiments that we describe below, we use the task of Meyer et al. (1974) to ask whether deaf readers access phonological information in a form that leads to facilitation when orthographically similar words rhyme and to interference when they do not. The deaf subjects of our study were college students, and thus, presumably, represent the more successful of deaf readers.
To provide baseline data for interpreting the performance of the deaf subjects, a group of hearing college students was also tested.
Experiment 1 Method
Stimuli and design. The Word/Word pairs were the same pairs of words used by Meyer et al. (see Meyer et al. for a more complete discussion of the selection procedures for these pairs). These pairs were of four types. Type 1 (rhyming) word pairs were orthographically and phonologically similar (e.g., MARK-DARK, LOAD-TOAD). Type 2 pairs were control pairs that were both orthographically and phonologically dissimilar.
These control pairs were constructed by interchanging the first and second members of the Type 1 pairs (e.g., MARK-TOAD, LOAD-DARK). Type 3 (nonrhyming) pairs were orthographically similar although phonologically dissimilar (e.g., GONE-BONE, PAID-SAID). Type 4 pairs were control pairs for the Type 3 pairs. These Type 4 pairs were both orthographically and phonologically dissimilar and were constructed by interchanging the two members of the Type 3 pairs (e.g., GONE-SAID, PAID-BONE). There were 48 pairs of each of the four types.
In addition to these 192 Word/Word pairs, 192 Word/Nonword pairs were constructed by pairing each word of the Type 1 and Type 3 Word/Word pairs with a pseudoword (pronounceable nonword).
The pseudowords were formed by replacing the first letter of each word with a letter that made the string a pseudoword. Thus, as with the Word/Word pairs, half of the Word/Nonword pairs were orthographically similar (e.g., MARK-WARK, NAID-PAID) and half were orthographically dissimilar (e.g., ROWN-TOAD, PAID-TOST).
Using these Word/Word pairs and Word/Nonword pairs, two stimulus sets of 192 pairs each were constructed. Each set had half of each type of Word/Word pair and half of the Word/Nonword pairs. The two sets were constructed so that the words appearing in the Type 1 pairs in one set appeared in the Type 2 pairs of the other set. Similarly, the words that appeared in the Type 3 pairs in one set appeared in the Type 4 pairs of the other set. Thus, no word appeared twice in a Word/Word pair within either set. The Word/Nonword pairs 225 of each set contained one member from each of the Word/Word pairs in the set. For half of the Word/Nonword pairs the word appeared first (on top); for the other half of these pairs, the nonword appeared first. For each stimulus set, a random order of pair presentations was generated, and this list was divided into six blocks of 32 trials each.
Two practice blocks of 34 trials each were generated. The stimulus pairs in these practice blocks were constructed in a manner consistent with the experimental blocks.
Procedure. The start of each trial was signaled by a 250 ms fixation point (a "+") presented in the center of a CRT display. Following this there was a 250 ms blank interval prior to stimulus presentation.
The two letter strings for a trial were then presented, the first string centered one line above where the fixation cross had occurred and the second string centered one line below this point. The strings remained in view until either the subject pressed a response key or until 5 s had elapsed.
Feedback was given on each trial.
The feedback consisted of the subject's response time (RT) for that trial (in ms), which, if the subject had been in error, was preceded by a minus sign. If the subject had failed to respond within the 5 s time limit, the words "TOO SLOW" appeared as feedback. The feedback, displayed for 250 ms, was centered six lines below the fixation cross.
There was approximately a 2.5 s interval before the start of the next triaL Subjects were instructed that on each trial they would be presented with two letter strings and that their task was to decide, as quickly and as accurately as possible, whether or not both letter strings were English words. The instructions were written, and the experimenter answered any questions that the subjects may have had about either the task or the feedback. For the deaf sUbjects, the experimenter was a deaf recent graduate of Gallaudet College who communicated with the sUbjects by signing.
For the hearing sUbjects, the experimenter was a hearing person.
The sUbjects were shown the two response keys, one labeled "YES" and the other labeled "NO." If both letter strings on a trial were English words, subjects were to press the YES key; if both were not English words, they were to press the NO key. SUbjects were instructed to keep their index fingers resting one on each key to achieve fastest response times (RTs).
All subjects were presented the two practice blocks, followed by testing with one of the two experimental stimulus sets. In addition, the assignment of the YES/NO keys for the two hands was counterbalanced across subject group and stimulus set. Following this lexical decision task, subjects were presented with a rhyme judgment task. This was given to determine whether deaf readers could distinguish rhyming from nonrhyming pairs of words.
The rhyme task was a paper and pencil test in which SUbjects were required to indicate whether or not the two words of each pair rhymed. Word pairs of Types 1-4 were typed (in lowercase letters), followed by a blank line.
The written instructions informed subjects that they were to write YES on the blank line if the two words of a pair rhymed, and to write NO on the line if the two words did not. Two forms of the test were constructed. One form used the Word/Word pairs 226 from Set 1 and their order of presentation from the lexical decision task; the other form used the Word/Word pairs of Set 2 in their previous order of presentation.
Subjects received the form corresponding to the stimulus set they had received in the lexical decision task.
Deaf subjects.
Deaf participants were 16 students from Gallaudet College, a liberal arts college specifically for deaf students. Measures of hearing loss and speech intelligibility were obtained from records at the college. As criteria for inclusion in the experiment, deaf subjects had to be pre lingually deaf and have a profound hearing loss. Three of the participants failed to meet these criteria due to postlingual deafness (ages 3 or older) and were dropped from the study. In addition, the data of one deaf subject were excluded owing to an mean error rate more than 2.5 standard deviations greater than that of the group average. This resulted in 12 deaf subjects; Eleven were congenitally deaf, and the other was adventitiously deafened before the age of two years. Six of these subjects had deaf parents. All had a hearing loss of 90 dB or greater, better ear average. Half of the subjects were tested with one stimulus set; the other half with the second set.
The speech intelligibility ratings of the deaf subjects were based on a scale of to 5, in which is readily intelligible speech and 5 is unintelligible speech. Of the 12 deaf subjects in this experiment, two had speech that was rated '3,' meaning that the general public has some difficulty understanding the speech initially, but can understand it after repeated exposure to it; four of the subjects had speech that was rated '4,' meaning that the speech is very difficult for the public to understand; and six of the subjects had speech that was rated '5,' meaning that it cannot be understood.
The reading level of the deaf subjects was assessed by means of the comprehension subtest of the Gates-MacGinitie Reading Test (1969, Survey F, Form 2), which was administered following the rhyme judgment task.
Survey F of the test is designed for hearing students in grades 10 through 12. On this comprehension test, a percentile score was determined for each subject based on grade level 10.1.
The percentiles ranged from 97 to 7 (N=12, median = 22.5).
Hearing subjects. Hearing subjects were 16 students from Yale University who reported no history of hearing impairment. Eight of these subjects were tested with each experimental set.
Results and Discussion
For analysis purposes, RTs in the lexical decision task were stabilized by eliminating RTs in each condition that differed from the cell mean by more than two standard deviations. Table 1 provides the mean correct RTs (in ms) and mean percentage errors for each group and condition.
A difference score was obtained for each subject for phonological similarity (Type 2 minus Type 1) and phonological dissimilarity (Type 4 minus Type 3). Table 1 also provides the mean difference scores for the two subject groups.
The Table shows that the hearing subjects exhibited the response pattern found by Meyer et al.; namely, a small facilitation effect on rhyming word pairs and a larger interference effect on nonrhyming pairs. The deaf subjects also responded differentially to the rhyming and nonrhyming pairs, but exhibited a somewhat different response pattern. These subjects showed relatively large facilitation on rhyming words, but neither facilitation nor interference on nonrhyming words. Note: A positive number for the difference scores indicates facilitation and a negative indicates interference.
Using the difference scores, an analysis of variance was performed on the within-subjects factor of phonological relation (similar, dissimilar), and the between-subjects factors of group (deaf, hearing) and stimulus set (set 1, set 2).
Stimuli were treated as a fixed effect owing to the constraints imposed upon stimulus selection in this experiment, and in Experiments 2 and 3 (see also Evett & Humphreys, 1981; Shulman et al., 1978) . The factors of interest here are phonological relation and any interaction that may involve subject group.
The analysis yielded a significant main effect of phonological relation,
(1 ,24) = 26.17, MSe = 2169.65, E < .001, with difference scores in the phonologically similar condition tending to be positive (reflecting facilitation for rhyming word pairs) and difference scores for the phonologically dissimilar condition tending to be negative (reflecting interference). This main effect did not interact with either SUbject group or stimulus set, both~s < 1. ThUS, there was no significant difference in the magnitude of the effect of phonological relation for the hearing and deaf subjects. The higher order interaction involving these variables also was not significant, F < 1.
This pattern of RTs is inconsistent with the hypothesis that graphemic information alone is utilized in this task by either hearing or deaf subjects.
A main effect of group,~(1 ,24) = 5.24, MSe = 4675.98, 228 p < .05, reflected the fact that for the hearing subjects the mean of the difference scores was negative (reflecting a large interference effect and a smaller facilitation effect), while for the deaf subjects the mean of the difference scores was positive (reflecting only a facilitation effect).
An analysis of variance on the difference scores for the error data revealed no significant main effects or interactions (all ES > .05).
In the rhyme judgment task, deaf subjects made many errors, particularly on the orthographically similar but phonologically dissimilar (Type 3) word pairs. A similar error pattern was obtained for the hearing subjects, although their error rate was much lower. The mean percentage of errors for each word type for hearing and deaf subjects is shown in Table 2 . This pattern of responding suggests that subjects' responses in this task were influenced by the orthographic similarity of the stimulus pairs. In fact, one deaf sUbject exemplified this strategy perfectly, by not making any errors on the Type 1 (orthographically and phonologically similar) word pairs on the rhyme judgment task but making an error on each of the 24 Type 3 pairs. One hearing subject showed much the same pattern by not making any errors on the Type 1 pairs and making errors on 17 of the 24 Type 3 pairs in this task. For the deaf subjects, correlations were computed between their speech intelligibility rating, reading achievement, accuracy on the rhyme judgment task, and RTs on the lexical decision task. The only correlation to reach significance was the correlation between speech intelligibility and errors on Type 3 word pairs on the rhyme task, !:.(10) = -.81, E < .01, two-tailed, which indicated that the more intelligible the speech the greater the accuracy on these pairs. Other correlations with speech intelligibility, although not significant (all ps > .10, two-tailed), were in the expected direction: The better the rated speech intelligibility, the greater the overall accuracy on the rhyme judgment task, r = -.32, and the larger the RT effect of phonological relation in the lexical decision task, r = -.47.
Experiment 2
Experiment 2 was similar to Experiment 1 with differences between the experiments in the stimulus sets, instructions to subjects, and in the form of rhyme jUdgment task.
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The change in stimuli was motivated by the desire to replicate the findings of Experiment 1 on a new set of stimuli, an approach proposed by Wike and Church (1976) for showing generalization over stimuli. In our new stimulus set, we attempted to control for possible differences in the size of the orthographic neighborhoods of rhyming and nonrhyming words by selecting pairs of rhyming and nonrhyming words from a common neighborhood. For example, one rhyming pair of words in Experiment 2 was DONE-NONE; the corresponding nonrhyming pair was BONE-GONE.
The change in instructions was motivated by the high error rate among the deaf subjects in the first experiment; in this second experiment, we requested that subjects try to maintain a level of accuracy at or better than 90%.
The change in the rhyme jUdgment task was designed to force deaf subjects to try to make their judgments based on phonological information rather than orthographic similarity, if they could. As noted in Experiment 1, the deaf subjects and one hearing subject identified most of the Type 3 words as rhyming. We thought that this manner of responding might have been promoted by the fact that just one-fourth (rather than one-half) of the word pairs in the test rhymed. In Experiment 2, therefore, only pairs of Types 1 and 3 were included in the rhyming test. In addition, words were presented in matched pairs (for example, DONE-NONE was presented with BONE-GONE) and subjects had to select which of the two matched word pairs rhymed.
Method
Stimuli and design. The Word/Word pairs were chosen so that for each rhyming pair (Type 1) there was a nonrhyming pair (Type 3) that was orthographically similar, e.g, SAVE-WAVE and HAVE-CAVE; DONE-NONE and BONE-GONE.
There were 32 such matched pairs. These stimuli are given in Appendix A.
In all other respects, the design of this experiment followed that of Experiment 1.
Rhyme controls (Type 2 words) were generated by repairing the Type 1 words. Nonrhyme controls (Type 4 words) were generated by repairing the Type 3 words. Pseudowords were formed by replacing the first letter of each word with a letter that made the string a pronounceable nonword. In total, there were 128 Word/Word pairs and 128 pairs in which one of the items was a Pseudoword.
Two stimulus sets were constructed. Assignment of pairs to a list was made as in Experiment 1 with the one additional constraint that the matched orthographically similar pairs never both occur in the same list. Half of the Type 1 and Type 3 word pairs occurred in one set; the remaining word pairs in the other set. For each stimulus set, a random order of pair presentations was generated and presented as four blocks of 32 trials each.
Two practice blocks of 32 trials each were constructed in a manner consistent with list construction in the experimental blocks.
Procedure. The procedure of the lexical decision task was identical to that of Experiment 1 except that instructions to subjects stressed accuracy. Subjects in both groups were told to try to be at least 90% accurate. All subjects pressed the YES response key with their right hand and the NO response key with their left hand. Following the lexical decision task, subjects were asked to complete a rhyme judgment task.
This rhyming task was a paper and pencil test that consisted of 32 trials using pairs of words from the lexical decision task. On each trial, two word pairs were presented, one pair to the right of the other. The two words of each pair were orthographically similar, but words in one pair on each trial rhymed (a Type 1 pair) and the words in the other did not (a Type 3 pair). The two pairs on each trial were always the ones matched for orthographic similarity.
Thus, for example, subjects would have to indicate whether it was the pair SAVE-WAVE or the pair HAVE-CAVE that rhymed. Each pair had a short blank line preceding it. Subjects were told that on each trial one of the two pairs rhymed. They were to indicate which of the two pairs rhymed by making a check on the line in front of the rhyming pair. For each subject, one of the two pairs on each trial had been tested in the lexical decision task; half of these previously seen stimuli were rhymes (Type 1 pairs) and half were nonrhymes (Type 3 pairs).
Deaf subjects. The deaf subjects were 16 students from Gallaudet College of whom 4 were subsequntly eliminated from the study. Two deaf subjects were ineligible due to postlingual deafness (age 3), and one due to a reported hearing loss less than the criterion of 85 dB. The data of a fourth deaf sUbject were eliminated due to excessive error rate (more than 2.5 standard deviations greater errors than the mean for the deaf subject group). Eleven of the remaining 12 subjects were congenitally deaf, and the other was adventitiously deafened before the age of one year. Four of these subjects had deaf parents. Five were tested on Set 1 and seven on Set 2.
Speech intelligibility ratings were available for eleven of the twelve subjects in this experiment. One of these subjects had speech that was rated a '2,' three had speech that was rated a '3,' four had speech that was rated a '4,' and three had speech that was rated a '5.'
Following the lexical decision and rhyme judgment tasks, the reading level of the deaf subjects was assessed by means of the comprehension sub test of the Gates-MacGinitie Reading Tests (1978, Level F, Form 2), designed for hearing students of grades 10-12. The percentile scores for the subjects ranged from 97 to 10 (N = 12, median = 48).
Hearing University.
subjects.
The hearing subjects were 14 students Seven sUbjects were tested with each stimulus set.
from Yale
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Results and Discussion
Consistent with the analyses in Experiment 1, RTs that differed by more than two standard deviations from a subject's mean in each cell were discarded. Shown in Table 3 are the means (in ms) for the correct RTs and the mean percentage errors for the two subject groups in each condition. Also shown are the difference scores for phonological similarity and dissimilarity. As can be seen from the table, the performance of the hearing subjects in Experiment 2 was remarkably similar to that of the hearing subjects in Experiment 1. The deaf subjects in Experiment 2 were slower and more accurate than those in Experiment 1, presumably because of our change in instructions emphasizing accuracy. Despite this change in position along the speed-accuracy continuum, the deaf subjects showed a pattern similar to that exhibited by the deaf subjects in Experiment 1; namely, a large facilitation on the rhyming pairs but little interference on the nonrhyming pairs. interactions were significant (all ps > .25). The main effect of phonological similarity reflected the fact that for rhyming pairs there was a response time facilitation, while for nonrhyming pairs there was a response time interference. This result indicated that both hearing and deaf subjects were influenced by the phonological similarity of the word pairs. The magnitude of the phonological similarity effect was not significantly different for the deaf and hearing subjects.
The analysis of the error data also indicated a main effect of phonological relation, F(l,22) = 7.09, MSe = 38.98, p < .05, and interactions of this variable with stimulus set,--F(l,22) = 12~63, P < .01, and subject group,
(1 ,22) = 6.24, E < .05. The main effect resulted from fewer errors on the rhyming items than on the control, and from more errors on the nonrhyming items than on the control.
The interaction with set reflected a larger influence of phonological relationship for one stimulus set than for the other.
The interaction with subject group reflected a larger influence of phonological relationship for hearing subjects than for deaf subjects.
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The lack of an interference effect among the deaf subjects in Experiment 1, and the relatively small interference effect among these subjects in Experiment 2, may have one of two orIgIns. First, it may be that the deaf subjects individually, as well as collectively, showed no interference. Alternatively, some deaf subjects may have shown interference while others, failing to distinguish rhyming words from orthographically similar nonrhyming words, showed facilitation on both sets of words.
To distinguish between these two possibilities, we looked at individual performances in the rhyming and nonrhyming conditions in Experiments 1 and 2. As a comparison, we also looked at individual hearing subjects.
The results of this classification are more in line with the the second alternative.
As shown in Table 4 , the individual responses revealed that for both hearing and deaf subjects, roughly half (slightly fewer) of the subjects showed facilitation on the phonologically similar word pairs and interference on the phonologically dissimilar word pairs.
The magnitude of these facilitation and interference effects, as shown in Figure 1 , was similar for the hearing and the deaf subjects (with the possible exception of the deaf subjects in Experiment 2 who actually showed a larger interference effect than the hearing subjects in that experiment).
Inspection of the individual responses further revealed that the differences in pattern in the group data resulted from the fact that more deaf than hearing subjects exhibited facilitation on both of these word types, while more hearing than deaf subjects exhibited interference on both the phonologically similar and dissimilar pairs.
The results of the rhyme judgment task indicated that the hearing subjects more accurately discriminated between the rhyming and nonrhyming orthographically similar pairs than did the deaf subjects; the mean percentage correct responses were 99.6% and 64.1% for hearing and deaf subjects, respectively.
Despite the fact that the deaf subjects thus made a considerable number of errors, their performance was significantly better than chance in this two-choice task, !(11) = 4.05, E < .002.
For the deaf sUbjects, further analyses yielded no significant correlations between individual subject characteristics (speech intelligibility and reading achievement) and accuracy on the rhyme judgment task or RT on the lexical decision task. The correlation between speech intelligibility and accuracy on the rhyme task was in the same direction as that in Experiment 1,~(10) =-.56, .05 < P < .10, two-tailed. The correlation between speech intelligibility and phonological relation in the lexical decision task was in the same direction as Experiment 1, although small, r = -.13.
Experiment 3
In Experiments 1 and 2, both the hearing and the deaf subjects responded differentially to rhyming and nonrhyming orthographically similar word pairs in the lexical decision task. This pattern of differential facilitation as a function of phonological similarity shown by both deaf and hearing subjects is consistent with the notion that subjects in both of these groups were accessing phonological information. l This outcome for hearing subjects is not remarkable, but it is surprising that prelingually, profoundly deaf subjects showed evidence of access to phonological information.
233 Table 4 Results of the analysis of individual subjects' data in Experiments 1 and 2.
Shown are the mean percentages of hearing and deaf subjects whose response times revealed facilitation or interference as a function of whether the word pairs were rhyming (phonologically similar) or nonrhyming (phonologically dissimilar). To substantiate our conclusion that the response pattern of deaf subjects indeed reflects access to phonological information, we next used a manipulation that does not change the Word/Word pairs, but has been reported to change hearing subjects' pattern of performance in the paradigm of Meyer et al. (1974) . This manipulation, performed by Shulman et al. (1978) , uses consonant strings as nonword distractors. With hearing sUbjects, Shulman et al. found that this manipulation facilitated responding on orthographically similar nonrhyming (Type 3) as well as rhyming (Type 1) word pairs. The result was taken as evidence that the use of phonological information was reduced.
The finding of semantic priming by Shulman et al. with orthographically and phonologically irregular nonwords indicated that subjects were accessing the lexicon in their task, not simply truncating the decision process after determining the regularity of the letter string.
If the effects obtained for the deaf subjects in our previous experiments could possibly be attributed to unidentified nonphonological factors (e.g., visual similarity or sign similarity differences in the rhyming and nonrhyming word pairs) then changing only the nonword dis tractors in the experiment should not influence their pattern of responding; that is, they should continue to show facilitation on the rhyming but not the nonrhyming pairs. If the pattern of results obtained for the deaf subjects in our previous two experiments were attributable to the phonological relationships between the two words of a pair, then when the distractor items are orthographically and phonologically irregular the deaf subjects, like the hearing subjects in the study of Shulman et al., should show facilitation on both the rhyming (Type 1) and nonrhyming (Type 3) word pairs.
In Experiment 3, therefore, we used the Word/Word pairs of Experiment 1, but altered the pseudowords of the experiment so that they were orthographically and phonologically irregular strings.
Thus, the only difference between the stimuli of Experiments 1 and 3 was in the distractor items. Any difference in responding in the two experiments could therefore be attributed to this change.
Method
Stimuli and design. The two stimulus sets (and the two practice blocks) of Experiment 1 were used, with the items presented in the same order as in that previous experiment.
The Word/Word pairs were identical to those of Experiment 1.
The pseudowords of that experiment were changed to consonant strings by replacing each vowel in a pseudoword with a consonant.
Procedure. The procedure in the lexical decision task was identical to that of Experiment 2, with the exception that no specific mention was made of accuracy.
Following the lexical decision task, subjects were again given a rhyme judgment task. This task was similar to that of Experiment 2 in that on each trial sUbjects had to indicate which of two orthographically similar pairs rhymed.
All of the rhyming (Type 1) and nonrhyming (Type 3) pairs from the two stimulus sets were used, resulting in 48 pairs. On each trial, both pairs were from the same set. Two forms of the test were constructed, using the same word pairs, but re-pairing the rhyming and nonrhyming pairs.
These two forms of the test were given to different subjects. 235 Deaf subjects. The deaf subjects were 15 students from Gallaudet College. As in the first two experiments, the criteria for inclusion in the study were that subjects be prelingually, profoundly deaf. Two subjects were excluded due to postlingual deafness (ages 3 or older) and one was eliminated owing to a hearing loss less than the criterion of 85 dB. Twelve experimental subjects remained.
Eleven of these subjects were congenitally deaf, and the other had been deafened before the age of two years. Two of these subjects had deaf parents. Five subjects were tested in experimental Set 1, and seven in Set 2. Due to experimenter error, three of the twelve subjects were not given the rhyme judgment task.
The speech intelligibility ratings were available from Gallaudet College for all but two of the subjects. The ratings for the remaining subjects were as follows: one subject had a rating of '2,' two subjects had a rating of '3,' five sUbjects had a rating of '4,' and two subjects had a rating of '5.' Due to experimenter error, reading tests were given to only nine of the subjects in this experiment. Of those nine, four were given the comprehension test used in Experiment 1 (Gates-MacGinitie Reading Tests, 1969, Survey F, Form 2), and five were given the comprehension test of the more recent version of the test used in Experiment 2 (Gates-MacGinitie Reading Tests, 1978, Level F, Form 2).
The percentile scores for these subjects in relation to grade 10.1 ranged from 79 -9 (N=9, median=49).
Hearing University with Set 2. subjects. The of Connecticut.
hearing subjects were 15 students from the Seven were tested with stimulus Set 1, and eight
Results and Discussion
As in Experiments 1 and 2, RTs that differed by more than two standard deviations from a subject's mean in each cell were eliminated from analysis. Shown in Table 5 are the means (in ms) for the correct RTs and the mean percentage errors for the two subject groups in each condition. The difference scores for phonological similarity and dissimilarity are also shown in Table 5 .
The difference scores for each of the two subject groups indicated facilitation on both the phonologically similar (Type 1) and phonologically dissimilar (Type 3) words. As can be seen from Tables 1, 3 , and 5, changing the pseudowords to consonant strings resulted in an increased facilitation on rhyming pairs for both hearing and deaf subjects. Moreover, it resulted in facilitation of the nonrhyming, but orthographically similar, pairs as well.
The RT difference scores were entered into an analysis of variance on the factors of phonological relation, stimulus set, and subject group. The analysis indicated a main effect of phonological relation, I(1,23) = 6.28, MSe = 2955.98, P < .02.
No
other main effects or interactions were significant (all-ES > .50). The main effect of phonological relation indicated that although there was facilitation for both the rhyming and nonrhyming words, the facilitation was greater for the rhyming pairs.
The analysis of difference scores for errors indicated no significant effects (all ES > .25).
236 Table 5 Mean RTs (in ms) in the lexical decision task of Experiment 3. The pattern of response times in Experiment 3 differed from that of Experiments 1 and 2 in that orthographic similarity facilitated responding, regardless of whether the words of a pair were phonologically similar or dissimilar.
This was Shulman et al.'s finding, interpreted as evidence that access to phonological information is eliminated with consonant strings as nonwords.
One aspect of our outcome leads us to treat this interpretation with caution. In Experiment 3, the effect of phonological similarity, for both hearing and deaf SUbjects, was still significant, albeit somewhat smaller, numerically, than in Experiments 1 and 2. Evidently, the procedures of Shulman et al. (1978) did not eliminate the influence of phonological information. This same pattern was obtained by Shulman et al. (1978) .
In their experiments, too, there was greater facilitation for the orthographically similar rhyming than nonrhyming pairs when irregular nonwords were used. Although the difference was not statistically significant in their study, the differences they obtained with irregular nonwords were consistent in direction and magnitude with the differences obtained here; the facilitation was greater for the rhyming pairs by 37 ms in their Experiment 1, by 31 ms in their Experiment 2, and by 24 ms in their Experiment 3. In the present experiment, the facilitation was greater for the rhyming pairs by an average of 38 ms (39 ms for the hearing SUbjects and 37 ms for the deaf sUbjects) .
Rather than eliminating access to phonological information, the inclusion of the consonant strings as nonwords appears to have increased reliance on orthographic information in responding. This increased reliance on orthographic information can be seen as a criterion shift in Experiment 3, leading to fast rejection and somewhat quick acceptances. Comparison of RTs in Tables 1, 3 , and 5 shows faster RTs in this third experiment, particularly on nonwords. This faster responding with orthographically and phonologically illegal nonwords was also obtained by Shulman et al. (1978) .
The results of the rhyme judgment task were similar to those of Experiment 2.
The deaf sUbjects were considerably less accurate than the hearing subjects, but again were better than chance.
The mean percentage correct responses were 99.4% and 60.2% for hearing and deaf subjects, respectively. Despite the fact that the deaf subjects made a considerable number of errors, their performance was significantly better than chance in this two-choice task,~(8) = 3.21, £ = .02.
For the deaf sUbjects, correlations were small and nonsignificant between individual subject characteristics (speech intelligibility and reading achievement) and accuracy on the rhyme task or RT on the lexical decision task.
The correlation between speech intelligibility and accuracy on the rhyme task was in the same direction as those in Experiments 1 and 2, = -.19. The correlation between speech intelligibility and phonological relation in the lexical decision task was essentially zero, r = -.03. The failure to obtain significant correlations consistently across the three experiments may be due to the restricted range of speech intelligibility scores and the relatively small numbers of sUbjects in the experiments.
General Discussion
The evidence from these studies suggests that deaf reqders have access to phonological information in word reading (see Footnote 1). In the lexical decision tasks of all three experiments, the responses of both hearing and deaf sUbjects were affected by the phonological relationship between the orthographically similar pairs. This result was obtained using two different sets of Word/Word pairs (Experiments 1 and 2) and even when consonant strings were used as nonwords (Experiment 3).
The results obtained here argue against the possibility that the deaf sUbjects' differential responding to rhyming and nonrhyming pairs could have been due to differences in the visual similarity or the sign similarity of these pairs.
The first argument against these interpretations is that Experiments 1 and 3 used the same Word/Word pairs, only the nonwords differed for the two experiments. This manipulation, while obviously not altering the visual or sign similarity of the word pairs, did alter the deaf (and hearing) sUbjects' pattern of responding. A second argument against a visual similarity interpretation is that the same pattern of results was obtained with two different sets of Word/Word pairs, with the visual similarity of the rhyming and nonrhyming pairs tightly controlled in Experiment 2.
A second argument against a sign similarity interpretation is that there is no correspondence between American Sign Language signs and English phonology. There is no reason to expect, therefore, that the rhyming (Type 1) pairs of the experiments should be signed similarly while the nonrhyming (Type 3) pairs would not.
Indeed, inspection of the word pairs used in these experiments showed that only one rhyming pair (and no nonrhyming pairs) could be considered to have similar signs.
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The major difference in the performance of the two groups was that the deaf subjects in Experiments 1 and 2 overall showed more facilitation on the rhyming pairs and less interference on the nonrhyming pairs than did the hearing subjects.
Inspection of the individual patterns of performance in these two experiments showed, however, that some deaf sUbjects did exhibit both facilitation and interference comparable to that of the hearing subjects. The difference between the deaf and hearing sUbjects in the group data can be accounted for, primarily, by the tendency of some deaf subjects to show facilitation on both the rhyming and nonrhyming pairs, and, secondarily, by the tendency of a few hearing subjects to show interference on both types of word pairs. Thus, there were many subjects, in both the hearing and deaf groups, whose pattern of facilitation and interference gave evidence for the use of phonological information; there were also some subjects in both groups whose response pattern indicated that they failed to distinguish the rhyming from nonrhyming pairs.
There was some suggestion that the pattern of facilitation and interference for the deaf subjects was related to rated speech intelligibility, with those sUbjects having the better rated speech showing the larger effects of phonological relation.
An outcome of the present study that requires further consideration is the deaf readers' performance on the rhyme task. In Experiment 1, their response pattern indicated a strong tendency to rely on orthographic similarity in making their rhyme jUdgments. This finding is consistent with other work on deaf individuals' explicit jUdgments of rhyme (e.g., Blanton, Nunnally, & Odom, 1967) .
However, in the rhyming tasks of Experiments 2 and 3, in which sUbjects were forced to make a rhyming judgment without relying on orthographic information, the deaf subjects demonstrated that they could make these judgments with better than chance accuracy.
Two features of the present study are particularly striking. The first is that not only were the deaf subjects accessing phonological information, but that they were doing so in a speeded task. It might be supposed that deaf readers would be confined to accessing phonological information in situations in which they have time to laboriously recover learned pronunciations. In the present study, however, they were found to access phonological information qUite rapidly, suggesting that such accessing is a fundamental property of reading.
The second striking feature of this study is that the deaf subjects were not from predominantly oral backgrounds. All had received speech instruction in school, but considered sign to be their primary language. It is noteworthy that in their reading of English they utilized their phonological abilities. In this, the present results converge with evidence from short-term memory studies in which deaf readers, most notably the better ones, are sensitive to phonological similarity manipulations (Conrad, 1979; Hanson, 1982; Hanson, Liberman, & Shankweiler, 1984; Lichtenstein, in press ).
We cannot determine from our research the nature of the deaf readers' phonological representations of words.
We can conclude only that their representation of words m~st include phonological as well as orthographic information.
Our findings are compatible with any hypothesized type of phonological representation as long as it capt~res the phonological similarity of our rhyming pairs and the dissimilarity of the nonrhyming pairs.
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The representation could correspond closely to the detailed articulatory form of the word or it could be more abstract. An articulatory representation would not be incompatible with our findings that phonological information is accessed even by those deaf subjects whose speech is only poorly intelligible. It may well be the case that deaf individuals' ability to use some form of speech-based representation when reading is not well reflected in the intelligibility ratings of their speech. These intelligibility ratings are based on listeners' ability to understand the deaf speakers' utterances, not on the deaf individuals' ability to utilize speech in reading. Further research will be, required to make the discrimination as to the type of phonological representation used.
In summary, the present study indicates access to phonological information by deaf readers.
As such, the results run counter to claims that deaf individuals are limited to the use of visual strategies in reading.
In interpreting these results, however, it is necessary to bear in mind that the deaf subjects in this study were college students, thus being some of the best educated of deaf individuals.
Therefore, these results do not necessarily indicate that the use of phonological information is typical in the reading of deaf individuals.
Rather, they indicate that access to this information is possible despite prelingual and profound hearing impairment.
Given the impoverished aUditory experience of such readers, these results suggest that the use of phonological information need not be tied to the auditory modality.
Footnotes lWe do not mean to imply by this that phonological information when they read. phonological information only because it is so presentation of items to deaf individuals with deaf readers are usi ng only
We focus on their use of remarkable, given orthographic poor speech intelligibility.
2The signs for the rhyming pair TOUGH-ROUGH in Experiment 2 are similarly produced.
They are made with similar movement and location, but differ in handshape.
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